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(54) NONAQUEOUS ELECTROLYTE SECONDARY 
BATTERY 

(57) Abstract: 

PURPOSE: To provide a nonaqueous electrolyte 
secondary battery excellent in energy density, cycle 
characteristic and reliability by composing a carbon 
material used as a negative electrode for the nonaqueous 
electrolyte secondary battery, of a coexistent body 
including hardly and easily graphitized carbon materials 
and graphite. 



graphitized carbon material and an easily graphitized 
carbon material is used as the carbon material for the 
negative electrode material. Coal or pitch is used as a 
starting material for the easily graphitized carbon material. 
A furfuryl alcohol resin or the like is used as a starting 
material for the hardly graphitized carbon material. The 
graphite may be either natural graphite or artificial graphite. 
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CONSTITUTION: A nonaqueous electrolyte secondary 
battery comprises a negative electrode having a carbon 
materials capable of doping or dedoping litium as a 
negative electrode material, a positive electrode having 
transition metal composite oxide including lithium as a 
positive electrode active material, and a nonaqueous 
electrolyte having an electrolyte dissolved in a 
nonaqueous solvent including carbon ethylene. A 
coexistent body of non-graphitized carbon material and 
graphite composed of at least either one of a hardly 



(19)0*H#llF;t (JP) (12) ^ ^ ^ ^ (A) (ll)1$ffmH^M#* 

#W¥7- 192724 

(43)^IHB ¥fiE7^(1995) 7^280 



(BDlntCL* 




F I 




H 0 1 M 4/02 


D 






10/40 


Z 












8»«JS«0SC11 OL (^16 H) 


(21)tilS#^ 


!t$IS76-33434 


(71)aiSA 


000002185 










(22)mSB 


512^6^(1994) 3^ 3 H 




*]ic»ia;iiK4tia;ii era 7#35^ 












WHItO — la3ii4o 






(32)ffi5feH 


i|2 5 (1993)6 ^ 3 B 








H* (JP) 








^lH¥5-290496 




«]e3S»!{«K«^2TB22#3# 1*iC# 


(32)«jteH 


3^5 (1993)11^190 








(JP) 


(72)5SW« 










«]KiHS«KiS«2Te22»3# IStSC^? 














(74) A 


#a!± /^?a s (^i-2«) 



(54) Bewo^jfts] #*««m:i;*C«i& 



(57) ft 7 




1 

1x5 1 g ^fc ?) <7>WiW^M(r> 8 0 %iUJi-efc 9 . j.o#^ 

m^^m^Pc<O^^^^WK^i^^^\^iP' 1 0~9 Ofi 

^mWmLh\^tz.h^K^ 0. 3 V*-e©ifcS^S(D 
1. 5 V*T'CO^fe«^fttc^*-r5it;SS0. 5»±-C*>5 

[«*:^ 4 1 *#«f<7) 5 2 . 1 g 

/cTci^Ul.. X^SlHlJfa-C^ftejttS (0 0 2) ffi<?3 
ffiraPi-S^O. 3 4 0nm*W, ( 0 0 2 ) ffiOdftJg^B 
14. On miil±-e*>5f»*^ 1 IBife©^^*® 

(0 0 2) ffi(Z>BKRS:4S0. 3 7 n m^Ji. ^SC^vSEcf 
-e<0^^^5^■^)f^^:*3V^T7 O O'CW-hliiK'fb^Sf— ^ 

I vb~v I I b^u^v I I imTtmt^hfi^^m-^tL 



(2) #98^ 7-192724 

2 

[0 0 0 1 1 
[00021 

[0 0 0 3] mM. —^m^<o-^n.mt vx\tmn 
20 1 0 0 0 4 1 — yf^iJ'-t.fcsv^ny ^^A-g- 

b-CffiV>5*7Ka^*0?-J3c«?fecoW^ • 

%im'^-(i'f^i)mm^Xh-^m±.K'r>Y'7^ b^i^y 
[0 0 0 61 

[^?^!&5^*b<};5 fc-rsiSISl tr^-c. rwip'^A 

7*0 fuv- (PC) 4r±^«Et-r5«S?«f*fflv>fc^* 
[0 0 0 71 $bJCftifi-ei4. iK^«ig:45^jSbfcfl5«S 

50 mm^it^xMmmim^'^nx. Mmmuti^xmmi^ 



3 

[0 0 0 8] :^(Dmmm\^. :^ti^'QW7i^mm(D^mm 

ti.x<omm\^mmxh^t^thx^^^fz.o i^t^v. pc 
(DRt>y)\c^m^^i-> (EC) ^^mmti.xm\^^^ 

10 0 0 91 :z<Dmmm^MmMmt-r^07i<:mmm- 

[0 0 1 01 »S6a»i«v^||^^^cJ:o 

[ooiii^fc. m^Mm<omitw£4. 2vx^m 
m^^w^xvii%mM±m^-^mww-(r>wsLi)^i o o~ 

1 5 OrnVtcS-e^^-r^c 

[0 0 121 ro<t9(c, mc^^ihrnjE-e^m^frofc 

fti:<oa'(fi:*S5 0~ 1 0 0mV'|jiiS< /jr^, %mM:itV^\z. 

m\^3\^m^f\'XsEmn^^mmfii:>f\,. w^^tttg 
loo 1 3] -tc-e. ^^m\-i.. ^<Di.'?f£^^^(omm 
-rstttsc. %wm,K^\^x]}^-^M.'<:i-i^<r>m.wm 

^^AIlSr^L.. f-^CifyUi^tt. {Ill 

[0 0 141 



(3) 7-192724 

4 

[00151 ^^m<o$^7i<imm^^~».nM\-i. i<^i 5 

[0 0 161 ^tc. ^^i^<Do^0mm^muw^. m 

to 0 1 7] 0mm^mum\^. mm^nmm 
<Di'^^^/unxmm^fh^Mcm^m\^:i^^^^x^ y^!> 

5V'^X(DMMmM\^Mir:^^f)^0. 5U±X 

^mm^. M^m^2. 1 sXcm'j^x^^ xmrnmrn 

X^^^fh^ (0 0 2) MOffi^Ri^^o. 3 4 0 nm* 
m. (0 0 2) ffiOCtt^f0^i?^;?>Si 4. Onm«_b 

1 0 0 1 8 1 ^ ^(c. 0 -h^mm^mum^. 
M^m^^i. 7 0 cm' UT. xm\B}^mx^i^h 

(0 0 2) ffiCDffiWPH:^5o. 3 7nmi^±. 

30 m^x<D^^mi}^9rK^^^x 7 0 ot:i^i_h^;i^>fi:^f^t' ^ 

-^:^mm^th:^^^^mm^^t^^mxh^^t^wi^t ' 
[0 0 19] ^ mmwMt^^mum^. v >^^^ 

mir^^t^wmtir^h(r)Xh^o 

VI I iMTtm^^^^^^m'ttci^'tcDit^m^mmit 

[0 0 2 0] ^^^^i/>'^^ 

:zt^wmt'r^-h(oxh^o ^hK^ ^tk^iki^. 

ji^xh^ct^WiSi,tir:bh<oxh^o 

[0 0 2 1 J ^ bt-. ^4^^^^>;-7^/V';?»M^/^^^/V' 



5 

[0 0 2 2] :^^mf>mm^fi^^^mmmr.i^nm 

[0 0 2 3] ^m^-t^l^. ^<DX^ ?S#^7K«^?Kn^^« 

[0 0 2 41 ^-r. ^^mmm<Mmm<Dm^^^ 
t^^^mi^. ^Mcm\z.mvxv^^M^4^>^(Dij:mtm 

[0 0 2 5] rn^c^ttUT. )f£f0ttO^£v^#^M#&^^«■ 

[0 0 2 6] :^(DXvt^mmt^m^^mun\^. ^ti 

^^m{cmvxiMim&vtmt^j:o'ftm^\^'h v^^j^i^ 
[0 0 2 7J rr-c±f2^iBi: uTfi. mm^mii^^ 

^^t::»^b< ti2. 1 S s y c m' &.±<Dm^&^^ 

[0 0 2 8] ±m^m<oM^mi^'t^mm\^. mK.\t 
xm\B}mmx^i^btih (0 0 2) m(ommm. (oo 

2) Di<^CttS$^0-?-;¥^. ^^>Jc(i^-^^;=^-<>^ h/wi;! 



(4) #W¥ 7-192724 

6 

[ 0 0 2 9 ] -r^t^ib. (0 0 2) ffi<^ffiM|Il;6S0. 3 
4 0nm*®. ^e>t-»^U<fiO. 3 3 5 n m)^^±, 
0. 3 3 9 nm^T-efe!?. ( 0 0 2 ) M^^^CfftS^rp-T- 
^^^i^s 14. On mi^Jl±~Cfe5^^«-JPf(tJtfB«SH<^* 

««^^-t-^o ^^\^. mmum^:^^^x. ±Bm^m 

2. 5*SSO^^«-i|£|'(^5'ibtCti2. lg/cm^£;l± 
[0 0 3 0] *:^5^^C*5V^TfflV^5MI&^ UTfi. 

20 ^^s-r ^ r ^ ^ n ^ K-^mm <o V ^-f ^ o T ^ 
[0 0 3 1] ^:^-e. ±lBAigmi&i: bxfi. ^^^e- 

[0 0 3 2] b^i/^^bTti. 3— yi.^— /V, ^^l^i^ 

30 Tti. ^^^)mc\f=')^mt. 2Ky t:*^>'vr-t'r- 

y t'cr^/v-i/^T- hs 3, S-^y:^^?vy^/—jivmm 
[0 0 3 3] rtt^:^R b's/^, fS^^fk-a-^^ti. ^ 

^^bc9j^4^ftS4 0 omft-e?KiK-e#teL.. -^oma 

^\^1tMMhfS:^^ ^<D%.^ 5 0 0\:SS^_h<7)taSJ- 
40 [0 0 3 4] -^rote. -^:7>5'i-^^, :7 hw:x. T 

y^yy>. =3ey=^f-y>. yd^^yV^i^. :^;7w^y— 
^mmmt^m. ^h\z.vt^<omm^hm^mMh\^x 
50 [0 0 3 5] u±-<D^m^n^mmmnt \^xmm.(OK 



7 

Siia9 0 0-1 5 0 0*0. t^j^^wo—a o^mms. 

^^>(C2 0 0 Ot:i^±. if?^U<Ji2 
5 0 0*Ci^Jl±T'f^^Sf ^-a^tCjcoTti^-fl^ 

^bo^jltf^i-^r ^^^M^bv^r irfii^^-cfe^^^^. 
0 %iU-h, ^ U < ii: 9 0 

[0 0 3 81 ^:iT% ^jgg^sfes&tf^. m^^m^^ 

10 0 3 91 irf^t>h^ mm^wcmmi:mmi~^i,a^. 
0. 5mA(Dmnmximm%n^n^'ft^. 2^ 

[0 0 4 01 ^<D^myi^±^^ ^/l-(Om^MU^. 

[00 4 1 1 m^. ummmm-^^i^v M.^m.v-z^ 

«m(C^bT. 0. 5mA(D^mmXl^ 

m^'^%m^x(o'^m\z,'^t>^x. ii:£±rofl{iK->^ 
[0 0 4 21 z.(owm./^±^^ ^ )\^(om'o'm.\^\%. u 

^«ffi;65i. 5 Vtc/^o:/hNP>^-c;^T-r5o 
[0 0 4 31 w<^J;5>'j:S5[S, ^«(-<t oT#f>tufc^ 

[0 0 4 4] :i(o^'?\c\.xmm.%'mtm-^\^^ ^ 



(5) 1*M^7-l 9 2 7 2 4 

8 

w^m\^\.xii^}hh^^mmP((o\ ^^^ti'o (owmMm. 
(o%o ^ b < 9 0 %^j.i.(Df^mmmMM'^ 

^S5c®ffioii^-r>?^/i-gT*i?)e>tb^ 1 g^:^i9c7)S$c® 

[0 0 4 51 ^yt. ^mmmMi^'^hx^xxi.. 
%^^'^^^xm^hf\^^m.m'^%wk(o^mm^^mML 

[0 0461 ±Xmm%'Winm(D 1-^4^ 

mt\^tit^{^^ 0. 3V^-eoSS[m^*:<^5 1. 5V^ 

[0 0 4 71 :i<Dm. mmtv'^^j^f>>h^—y'^titct 
^\c^mmm:^M^S:i^xmm±i^^mm^^. 

^<^-e. rtb^ffi^'g't^i^r^^iii&^^^-jpft-ti:. yf- 
[0 0481 :in(b^w^m^ir^^mm^m^nt u 
30 [0 04 91 -r^tct^io. asi&>ft:'t4^^«j|sf^^^-r^ 

[0 0 5 01 t*^>^^^bTf^. =1— /u^— /V, rcf^i/^- 

[0 0 5 11 ?Ky :^^bt^^/^«*j8g. TKy trcn/WTir-x- 
Tj^y fc'^/v:;^^^— 3, 5-i^p«5^/w:7:n/- 

[0 0 5 21 -^(Ote. ^^'^l/V. T 

^'b^-fe^^, hy^^oi^ixv, fi^v, -<y 

P'f^i^^^. -O-K-yK -Yy^rvK-zK ^/ y ^ 

50 ^^nm\\:.%m. ^h\^\%=t<DmMVf\>mmh\^xm.m 



9 

[0 0 5 3] Mmm^m^m$fm-i. &,±(Dm^mm 

0 0 "C-e^-ft; bfcm. 1 — 10 0 "C/^j-wjas-c 9 o o 
~i 5 0 oic*-c?#tiLr. sij^?aft»;::T0~3 o^ra 

[00 541 ^ e,»i±fBll#Sr«yt-t-#^li#&;^^ 

[0 0 5 51 mmm^tmrnrnvr^^m-^m^mnt l 
suyrsmsi. ^Ky r-fe'^^i/:/. jKy (p-^in 

[0 0 5 61 #^C0H/CJl^JtSr=t-f-5«jftt° 

fct<^^. ;K^^k<!o®e (4oo'cw±) -c^iM-rsr 

[0 0 5 71 HfFlE^ttt°S'5^»4. =1— 71-^— a^f^U- 
Jfit'^/f^cOH/CMT-Jt^silM-C. 0. 6~0. Si-r 

[0 0 5 81 mmi:'^ts'^mm^m7^-r:b:)3mm^^^ 
fhf£\^t^^ m^is.^ mm. mm. mm. ^c^j^^^*^* 

mm^^m\-i.m':.w&^Kti:\,^ii^. #m¥3 - 2520 

5 3-^iit#t::^-rJ: iJ* L< I4 3%;JA±, ^hK 

[0 0 5 9] m^^it'&t^mmmyt. &.±.<Dm^mPr 

Sr. «»Jx«. S^^<^^fi&ttj!/;^^«t4'JiT3 0 0~7 
0 O'CT^'fbLfem. 1~ 1 0 0'C/55^K)j^S-C9 0 0 
~1 5 0 0'C*-e#MbT. SlM®gtcT0~3 O^K 

mmYip^'^mvxh^\^\ 
[0060] i<^j;5J-LT# hin,i>m^mt^^mM 

Pr<D^X. #(C7/l'7 y /ur/V=i— /l'fcSV^»i7-'U7 7 
— /v-c^^^jKy . a5j<y-^-J;»3;^£S7 7>-«J!g 

bfcm^iiiiiEi-Srfflv^fc t.wta. 0 0 2 mommmt'^ 0 . 

3 7nmiiil±. 1 . 7 0g/cm'tiT. *>oD 

TA-C7 0 0"Cm±tC^'ft^lSilf-^*i^7t-f. ^Jfe® 



(6) iRFM¥^7 - 1 9 2 7 2 4 

10 

[0 06 11 1-1 9 7 59 6 -^^^(CfB 

mint uT^^f^i-cfe5, 

[0 0 6 21 $e>tc:. ±fBm^JS)iEi-sr. m^m^m^-T 

10 -i5>c#<. »*bv\ 

[0 0 6 31 mw^Pr<Dm^'pi^^^'r^n^m^\t. 

t)?Sb^S<^*$ti-5o iOi:#:^ffi't4:i(f;^{415)PH g 

[0 0 6 41 if^mmxu. &.±.\^m^\^fz.mm=^it'^m 
^ffl-rso 

[0 0 6 51 ^r-C. *#«E(^)^#:t:i*f-t-S#^MI&^* 
0~9 0%, iaF*L< (42 0~8 0%i:-t-Sr 

(Dm^it^i::k^ < -r 5 1 mwt■m.^!lm■r s y 5^ a ^ 

[0 0 66] ^i:ihmmh0m^^mum<7>^^m-i. 
mis, $¥mm^mum^^n^'iimv!i', ^j-ab-c«&**t 
i^i:i.xikmKm-t^:^mii^^^o fesv^j^. jmiE^^Fg 

40 z<Dm^^m$t^i:mw, ^m\^iti>(D^^^tif^i:vx 
ikm\miri>x^\cvxi>0:\,\ :z(Dm^. ^mm^m 

J®i|sfttrcr)iR^j::S<3v>fciii-^*-CJS-^-f-So 
[0 0 6 71 «T<^J;5'i^ft*-J;ort*=ilF«s: 

So -^J-. ^■^-s/'i^/KC'f^^^HS I Vb~V I I 

50 hRijv 1 1 imyvmi^m^^mmi^mii^rit^titi 



11 

[0 0 6 8] mMir^mm\t.. -^co^^t-^ ^ . mm^ 
[0 0 6 9] mmmmmm(Dm.m^^mmm^(D^^ 

[0 0 7 1] ^m^^mir^i^mumt utj^. n^%t>> 
fxm^m(ommunni^^^^A\^'^m^fhx\^^ 

1 nm&.T(Dn^}^. it^ffi«;65:^#v^fc^6. mm 
[0 0 7 2] r^^e>^^)g^^o3g[^@<;o±[^g^cov^T 

lis mmir^mm(o:k^ ^^mm\^xoxMti:v . ^>?i 

[0 0 7 3] lEm^m^ir^iEmiBmnt b-c 
Mi^xmmum gS2t«9 2 5 omAhi^±(^^sjcm^ 

Sffi^^cOL i ^«^T*#^:ii;$5i^:.^'Cfct). 300 
mAhi^±. ci:>9»^L<li3 3 OmAhi^A±(7>^Jfe® 



(7) 7- 1 9 2 7 2 4 

12 

[0 0 74] fj:;^^ h i \tf)^fj:hTVhlEm^^W^^it> 

^xm^^n^ii^^m^^j: < . w^mmm\^\c^mun 1 

gS:^»9 2 5 OmAhW±<^^itfe«^^tS^5^C9L i 
#fii-ttfS^V\ ^(^Lic^fit*. «?&0*Sr«^fi^a!l 
^-r ^ r i: J: o T^iM -r ^ ^ ^ t -r ^ o 

[0 0 7 5] U±(DXot^:4:t>m^m:^^mir^m^ 
^m^t'^^tl.Xl^. 'Pll^f^-^^L i MO2 (fcfcU 
MliiCo, N i <0/>/ce< la^^-To ) -e*^:rt^ 
10 y 5"^^i.3g^^M«^M^b^^L i Sr^A^fcSra^L^ife 

[0 0 7 6] :^mm<D^:^mmmzii!kmm\^^\^^x. ^ 
^mMmti.x\^. 0:^mm\^mmM^m'^\^x^^^h 

[0 0 7 7] ^:^T% ^Tk^jSKi: UTH. A^^«j5^-r 

mmi:mmu mm.m^\^±^^xmm^^\i^^mir 
^, mmm(Dmm^^i&r^'tx^m^^^^mir^, 

[00 7 8] ^-r. rc9J:p/^|g2(D^^^jKt UX 

EC) , ^f^>'V:/n tVu;^— tK^— h (MPC) 

|5||2<;0^^^^iSKi: UT^f^g-efc^o ^J:^. m2(D^^ 
mUt^j:^MKCtVMC(Dm'^mm\^:i3^^X. ME 
C : DMC (^SJt^) ti2 : 8 — 9 : 1 cOffiH^C^^ 

2cOJ5g5J^^M^^'^-r^^:i^bTJi. BC:m2^^m 

m mm^m) 1^:7 : 3-3 : 7(DteH(c^^-r-5^i: 

[00 7 9] J: 5 /i:^*^IKlcS^®;S5^ 

M^^tixmm^ti^H)^. mMWti.x\^c<DU<ommiiz. 

tf, LiPFe. LiC104, LiAsFe, LiB 
F4 , LiB (Ce H5 ) 4, C H3 S O3 L i , C F 
aSOsLi, LiCl, LiBr ^fi^mfhiv. ^X 
40 i PFsibmmX$>^o 

[0 0 8 0] 

[00 8 1] Hl&ti. ^fB#;65i^< K«f«<^^gv^^^# 

mirx. %Mcn\z.m\^xv^^j^'<:t><Dumtm^\ ^ 



13 

[0 0 8 2] rtbti^^UT. ^^B^<oi&\^^0m^i^mu 

[0 0 8 3] :^(D^^fj:mmtnmm^mu^^'tti^^ 

[0 0 8 4] /^dB, Hi&irUTti. K«ft:d5 2. Ig/ 
cm'U±. xm\B\^&X:^^htl^ (0 0 2) 
raiSi^d^O. 34 0nm*SI. ( 0 0 2 ) ®<?>C#*£f3^ 
i?;9^^»5l4. Onm^i. h 4ott^ G 

[0 0 8 5] nmrnt^ 

1. 7 0g/cm^^T. X|^[ElJffS-t?*i?)^tv5 (0 
0 2) ®O®raPS;$5 0. 3 7nmi^±. ^^^J^tf-C(^ 

^ll^5>W^-*5v^T 7 0 0T:i^_t(c^^t;^^e^-i!^:65@ 

[0 0 8 6] ^ft. ±^(DXot^:mmt0mm^mum 
<D^^t^^i^mum'tir^m'^\^^\^^x. mmm(o±m 

mt i^xm^^hn^^my^ \i'iy>^\c^^xmm^^Mv 

[0 0 8 7] ^f>(c. Kc^^»t'r^0^mm\^m2 
(D^6^^mti.xm^^m^:^T/i^. x^ff!-^i.<m^ 
n^m^^^^^'r^i^hhy^^i-iiMB ctD EC (om^m 



(8) ^mW- 7-192724 

14 

[0 0 8 8] 

[11*60111 UT. :^m^(DMi^^t}:mmm\^o^^xmm 
[0 0 8 9] m^mi 
10 [0 0 9 0] nkitc. uT<D^ 0 x^x^mmmMiBM i 

^f^SibfCo H/Ci^^it;55 0. 6-0. S<D^m<0^ 

g5 0 ot:-c5^ra«:i^Lyt^. MSI 1 0 o^ctc^-e 

[0 0 9 11 ^1 (c_bi5M#&«&*A. i^m^mmm^ i 
20 coKitfi, (0 0 2) m(Dmmm. (002) ®<?:»ctt 

(0 0 2) fficDSraPii, (0 0 2)fficDCtt 

[0 0 9 2] ^(DXoici^xf^m^titLm^m^A, ^ 

m^m\^^x]^T<D^^\z.vx^4>'m<o07kmMm~iik 
[0 0 9 3] (1 ) :=t -r >'m^yk'mMm~^nm<Di^m 

M.T^ h^^mmti^xm-^, ^mi^x^m^iyi^^^^m 
[0 0 9 4] :z(Dx^\ci.xmm^tiftikm^^yi;^:^(o 

40 o-hS rmQ^N i yi^z^t th\^U^l 5. 5mm 

h^A®tti^^ \^xs^r<r>±/umm^m^^^^-( > 

-fe/l-Tl-ffi : ii[@2 Omm, ;it$2. 5 mm 
lE^ : L i ^Jg 

mm^-EctDKct^i : it^^^m^xm^^ttx 
t^^m^mmi^L i PFs^imo i/i fj:^mmxm 

50 ^Uy5:t>(^ 



15 

1 0 0 9 5 1 ( 2 ) p]nm(D^7i<,mMm~9^mm<oi^m 

[0 0 9 6] ^-Tx lkmi^^(OX^\^i.Xi^mL-tz.o 

7^;/ (pvDF) ioMm^^m^\^xMm^m^mm 
^m^'±xikm^m:^'7v- (-<-:^hm ^mmi^ 

10 0 9 7] lEm2^^(DX^{^\.Xi¥m\^tio l^l^V 

4^. ta*9 0 0't;T*5^ra^^-r^;ii:'^L i CoO. 
^^}$,l.fZo ^(OXoKL^X^)i^^tlfz.l. i C o02\z, 
OV^T. X«ftlHlJffS!l^^fToyc^m. JCPDSl^r-Y 

fCo rc^L i Co02^JB&#L-C. 5 0%^«3K^^5i 
5//m6^L i Co02*&*i: i Co02*&^9 

5 M§P ^ y 5^ AI&tK 5 m«^fl5 iS-^ b X ^ 

*£««-^?^^^jKy :7 5/{bfc*^y7^v3figgi5^^s^ 
[0 0 9 8] :z(DiEm^m:^'7 y —^lEmMm^ lot 

[0 0 9 9] ^v^t?. HI 1 K^i-X 9 tiiS^A® 1 . ® 
H^iE®2^U?ji:$ 2 S/zmCO^^^TLtt^Ky :7^nh-W^:7 

^3. ^;KIE@2. ir/^i^->5^ 3coiilgt;iS^bT;6^e>^ 

[0 10 0] rcoj;p(cbr>f^Mbyhtgi^Ma®fls:^l:s 

lE^y-Ki 2^jEmMmi^i o:^>^>mmi^xmm^7 



(9) ^#^¥7- 1 9 2 7 2 4 

16 

[0 10 1] ^(DM^^nmm^iCL^^^tiitmmmsco 

10 fco 

[0 10 2] f^«^Hfc=i^:/M<^#^*®<S?K- 
[0 10 3] 'rfj:t>h. (A^--coy 

-'''{cMi^x>^x2^y h'T^^tKXoxm'^^i^^^^m 

mffi;653'-l 5mV (Li/LiO ?i -5 "X;^ !9 

[0 1 0 4] (:ftii;^^e><^y^!^A(^jittK-:7^) 
-feyvsfct) 0. 5inA<D:^mmxi^mMcn^no 

fern. 2^rai^cjh^fT5 i:V^o/^S5c«/i^ii:1f^>!^yV'4r 

[0 10 5] m&^:^\t. ^mmn,Mf)^ibmmm^&^ 

[0 10 6] ^j^^fiifi:. ikm^mmMi & mtL^m2 s 
0 m A h (Dmnm^^m i^it^ t <DmnmT^(omiiL t 

uxmv^timmRxj^wmm^m^^ i (D^^^mumt 
i.xm\^^ftmmxmm^t(^f:immn^A, ^^le^^^- 

1^ tm^^xmiK^ir, 

[0 10 7] 
40 [^ 1 ] 



(10) 7-192724 
17 18 





(D02mo:>mmm 

(pm) 


(002)®CDCtt:^|nl(^)Ji[* 
(nm) 








(mAh/fi) 




0.336 


38.1 


2.29 


25.4 


320 


77 




9391 


in 


1.54 


21.8 


350 


150 



[0 10 8] *#^t:^«s:t::*l"r5^IR^^^»* 
2 tc;^-t-. 

[0 10 91 P31§iM«o#^7lc®^*«znJ:«?t&(c«. 

*:*:^®«ffi4. 2V, ^mmmi AcD^WQ^Mi: 

2. 5^RflffV\ 6. 2 fl<D:^S5i-e^fem&-tT5 irV^o 

(5 0%^*■^^>r^5'/^^) iau5«SfetUffl^»it^li'< 

5 0 %^fii^>r /w^. mm.^mm&it<Dm^^m 3 ^ 

[0 1 1 OJ *-f> llI2Sr^-C*?/&^S<t5t;i. 

[0 1 1 U ^^.(c, |lI3(c*3V>xa^ife<^5 0%^»1^ 

[0 112] L*>L, 113Jct3V^Tmf&«^!JS85§fiitSr 
[0 113] i^i±W^:tj!l>e>. ■t^-f iJ'/V-^tt, cn;t;/V.df 



-a-fi 1 0 %£i Ji 9 0 %UT. * L < {i 2 0 8 0 

20 [0114] mmm2 

[0115] 1110 : ■^i?'*;=^;<7/V'«5c^li^«&5l^ mm 

7. mb, rtut.#^M#&-g^^«&*2~#||^^*JE&*7 

[0116] ( 1 ) 2 , #^m#s^^«&* 

3 

s^ra^Jtufc^v 1 2 0 o~i 4 0 o"C*-c#taL. 
[0 117] {2) ^mmm.^m^A: 

5^W«;i^L.:fcm. 1 2 0 o'C*-c#mb. ifera^*a 

40 [0118] ( 3 ) $¥m>mm.mm^ s , ffm>mm.mmi^ 

6 

H/CJ!l^it-SSO. 6~0. 8<D$|ia:i»f>jlA/fc*^jat° 
5'^?r«&#b, ^g^^SE^J. ^ft^kS-r t-CR^ttl 

mWiV:. i o TS!)^ b3ti::i-5. 15~18 

"C-c 5 ^Wi^j^ bfc^. 1 1 0 o~i 2 0 oic*-e#m 
b. mMf^toai-5:ii-c^^b7t. 

[0 119] (4) fmm^mi^ip.7 

50 J!g)|4i:'fc6 7>'i'7y>'ur/w='— /w-^fflBg-Sr. mmnM'^, 



(11) 



7-192724 



19 

1 , m§^^^ 2 Rxj^^^mmi^mi^m 2 

7 ® ( 0 0 2 ) BWESRaRI, (0 0 2) ffi<DCW*rp)0 

[0 12 01 *-r. ±iBM^)e&*A, m#&!i§&*Bt^Nii 



20 



3 V©mtSr*-e<^SJc'®^fii: 1 . 5 vw^te^-eojfe® 

[0 1 2 1 1 
[«21 





mm 


(nm) 


(002)®<^)Ctt^(fi] 
(nm) 


fe/cm^) 


(mAh/fi) 


0.3V/1 .5V#ait 






0.336 


38.1 


2.29 




0.85 






0.336 


25.4 


2.23 


340 


0.97 






0.355 


2.53 


1.97 


221 


0.48 






0.354 


2.90 


2.Q4 


260 


0.49 






0.352 


1.94 


1.99 


268 


0.56 






0.381 


1.18 


1.54 


290 


0.62 






0.381 


1.16 


1.54 


320 


P.64 






0.381 


1.00 


1.50 


3?o 


0.73 



[0 12 21 m^. ±fsii#e*&5tcA, m^n^B t^m 
mmn t L-x0:i<.mmm-^mm mm 2-1 -^mm. 2 



^ [0 12 31 -tb-c^ ='-f>'m.<Dm.m^m^\ 

[0 12 4] 
[«3] 























(Wh) 


(mV) 


m?&2-1 






SOSfiSfl : 


20MS9 


4.84 


72 


S?ft2-2 






SOSBgP : 


sosses 


4.58 


85 


m762-3 






70aS6P : 


30£Sg9 


4,42 


60 


S5fe2*4 






90SfigB : 




4.24 


50 


S?fe2-5 




#NII^^%^pt^2 


50SMSI : 




4.33 


61 


®?fe2-6 






sommm : 




4.58 


63 


®fe2-7 






50£S^ : 


5oass? 


4.63 


66 


S5t!!2-8 






sommm : 


50SSg3 


4.43 


64 


li?te2-9 






50mS& : 


somssB 


4.35 


62 


S^2-10 






50SSg9 : 


50SKSP 


4.56 


56 


lt«S?th2-i 






100S3S 


:OSfte? 


5.01 


85 


it»S?fe2-2 






osaas : iooMsg{t 


4.14 


45 


Jtifia?tb2-3 






100SS36 


: OSSgH 


5.02 


76 



[0 12 5] ^fc. F^W}m<Dm.m\^\^. ±mwE^4. 
2 V, ^mmm^x*<Dmm i A(D^j^'c:^mf^^mmm 

mm 2. 7 5V(Dik^xmmmnm^no t^^oit^Mc 



[0 12 6] f^Mm^4^^i^^tmm^&<Dm^^^md 



21 

6(i. Hl&ir bTA5gli#& (mi&«&*B) Srfflv^:^®^ 
[0 12 7] El4^^^i:. ^^)^&*At^Mi& 

(jtssss* 2 - 1 ) ^;lit-<T^^s:®1^-r /uwm(Dmn 
m^mmm^ ^^m^%m\m^^^tz,w^ immm 2 - 

[0 12 8] z.nh<D^mt,. v^■rn^^g^^rf|l 

So 

[0 12 91 ^^tc, IDS^^S^. S?&2-5'-mm2 

xmm^fx^f^^mmmi)-. mm^\^xmm^fhtz.m^u 

PtA(0^mmM(DBQ% (2 5 6mAh/g) 
VA^iaiB^^*^* 2 S^fflV^yh®?& 2 - 5 f^. S$&«&*A 

^#®"eAi^tc^v^fcjt^«:?&2 - 1 ^cJt-<tt«1^-r ^ 
^fhi^^mmmt^. mm\z.\^xm'^^fhfz.m^uPtA(D 

-9t^. Jt®£tt?fe2- 1 (cit-^Ti^-f ^/i-iRFtt^d^^^ < 
*7) *fflv^yt«?fe2- 7-'m?&2-9. ^e>(co. 3 

V ^ ■c<^ift®sfi(D 1 . 5 V ^ x<D-mMMm^mr s jt 
^5 0. 5i^Ji±-cfcoT. gffjgs^iamffidJzoTiiy^^tt 



(12) i|#^¥7- 1 9 2 7 2 4 

22 

fz.^mmmf>^. mm^\^xm^^fhi^m^m^A(0'^m 

^40 9 0% (2 8 8mAh/g) ^±O^III9^^«- 
?lfe2-8, m2-9J*. ^^tcMttyti^^^S^/v-^^ttSr 

10 [0 13 3] me^M^^t. «*2-i o(i. 
5 ommn : 5 osftas?isf"j'e^-eii:'g'b:rc*#^^^ffl 

7|c6 ^l^i:?S^^'C®^Lyt##^SrffiV^3^c«*2 - 2 

[0 13 4] :z(D^t7b^b. m^ti^xi^^ ^mm^x 
hoxhxmmmxhoxhmvXK.fj:<. ^nm^^ 

as^cfi^fe i)^t>^^^o 

20 [0135] m^ms 

u^Bm^M^i^xmm^i^fc^^i^^^mim't^m 

^<Dm^^mun^^Wir^^tX'^f^^^i^i:M 
^tc^-rsi^^^-ov^T. 5 0%S»i^^^/v|^^Jt«^ 

[0136] *ll®^^fB-CfflV^/c*#^^:coIi3^^rfe^i^T 
30 [0137] ( 1 ) 1 

[0 13 8] (2) ^^i^2 

mo, sm&n. Ti^i om-&n^m^\^xti:^m:^m^ 
mm±x5^mDmi^x. 'jf^m^^m-r^m^i^ (:7/v- 

40 [0139] ^^^^tz.y;vy y ?\^Tf\^^—jvmm 1 0 

^&*&*i eaaifB^^jpL. r(^'5-^i 0 0 g^^gSiU 

m*^^'. 0 ot:-c5^ra^>fbb. ^^\cm& \ i 
0 o*t;^t?#MbTi^ra^^s-r5r i:-e*5 3 5 g<D 

[0 14 0] ^(om.'^mMi^i^x^o^^x. n^y^wmx 
m\^xwm^fh^ (0 0 2) ®<^ieij^fi='*-^^^Bi-r5 



(13) 



7-192724 



23 

10 14 11 (3) ^^i^3 

{cus^i 1 0 o^^-e^MbT i^ffif^^tfiai-^r ^-c 

(0 14 21 ^^:fy::^:^/um^mm^^'l&^\.X:^J:^m 
(4)^^?flc4 

^^1 ofis%?^jpb. MSi 0 o^gft-eiPBbyto 

CCT^S^M^ibL-. ^e>^ci 2 0 0r4-T?#mL.. 1 

[0 14 31 /ct^3. r(^*#«COV^-C. *&7^X«&[ElJff 

m\:ixmm^ti^ (002) ®(^>iHitFft^-^^^)^gi-r5 
[0 14 41 ^fc. :$:mmmxm^^ti^mmMm^uT 

[0 14 51 (4) #7Km^?^l 

ECirDEC^. EC:DEC-1 : Ifji^^mitXW: 
-g^U rOiS-g^^M^-L i PFe^lmo 1/1 /^Sjg 

S-e^^-r ^ r T*^S8 i^fto 

[0 14 61 (5) ^7km®|g2 

ECi:MEC>^. EC : MEC = 1 : 1 t^:^^m\txm 
-a^b. ro^S^^jSK(-L i PFe^Srlmo 1/1 



MEC : DMC= 
jClL i P 

lb 



10 



24 

[0 14 7] (6) 07kmmms 

EC, MEC^O^DMC^. EC 
5:3: 2 fj:^^mitxm^l^. 
Ffi^Srlmo l/l^^^^Jg^-e^^S-r^^irt?! 

[0 14 81 rttb*##:, ^*«<^IKS^fflV^Tlll 

«IK^*4t;i;^-ro 
[0 14 91 
[1541 



20 













It7kmiilj« 1 


fgjtes - 2 




#f 7XS<»>fi 1 


tSjfeS -3 


«??<*3 




ffijfe3-4 






Sites -5 






mites -6 




mmmm 3 



30 



[0 15 01 -^bT. f^^^n;fc®?t&(COV^T. 
tt«JE4. 2V, ^«mg^l A(^^#-e^®^2. 5^ 

Mm\ 6. 2 Qo^ffifct-ci^cm^firp ^v^oyt^^S« 

i^-Y>^/v$:;^t3 5gbtToTiScm^s^ay^b. nmmm 
;6^lo»^S<^5 o%^c^-e^£Ti-'51^-r ^/v^ (50% 

mmmwiPW^<7)mmmm(omAm\:,^m^fco 50% 

[01511 
[*5l 





(^) 


(SI) 


mite3- 1 


82 


524 


mjte3-2 


81 


541 


mites -3 


80 


550 


mites -4 


80 


538 


mites -5 


69 


590 


mites -6 


66 


607 



[01531 r«ori:*>p>. ^*®^?Sin*c®?ife(-*5VN 



(14) 



#M¥-7-l 9 2 7 2 4 



25 

[0 15 4] ia5Em^fti«taa^srJt$S5-f-5i:m?i& 

-r5^2<O^D^aEi: b-Ctt. DECi t>MEC^M 

E c -DMc^o^S'a■^^^E!!lS^^* Lv^r ^ jss^d-s. 

[0 1 5 5 J 

m-t^tthiC. ^JfemcOl^L.-Cy ^>j7A^';^>'Ot£«S: 

Mmtmhin. 3Lif.,i.i^-i^^, f-'fi^yv-^tt, ffffiift 
[El 2] ^^w-'p(Dfm^mMm^(r>n'^h. -^mmn 



26 



10 



20 



1 

2 ' • • ^Em 

3 • • • irx^i^— ^ 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 



mm. 



lEiil 



[EI2] 



12 





0 20 40 60 80 100 



(15) 



1$M¥7- 1 9 2 7 2 4 



[1114] 




K 02 




\ 




0. 9B 








0. 96 g 






ltd 


0. 94 g 




0, 92 




0. 9 





0 20 40 60 80 



100 



100 



50 













S562-1 «f§!2-2^ i 






I 1 — I— 


1 1 J 1 1 1 



500 

mm m) 



1O0O 



[HIS] 



[me] 




500 



1000 



100 



50 







1 1 L- 


®;fe2-i0 
1 I — I 



500 

(iBi) 



1000 



[JgWBl ^JSg6¥3.g 2 5 B 
[#«S«jE 1 1 

imiEm^mB^] 0 0 3 2 

[0 0 3 2] -y^t L,r[*, =— yp;?— a^^Wi^ 



y If ^/wp'^ 9— 3. 5-v?p« f^/v^ ^ y — /HSfli 

imiEM^mB^] 0 12 4 

[0 12 4] 
[*3] 



(16) 



^53^7- 1 9 2 7 2 4 







iir£X£ 














re«SB) (s«gB) 


CWh) 


(mVi 








9nM-^ ■ 






72 












4.58 


65 






y r Hw Wi J5*t *« W ^ O 




30£Sffl 


4.42 


60 








SOfiSga : 


lOMBgB 


4.24 










SOBBBH : 


50£Bep 


4.33 


61 


ttJft2-6 






50SB^ : 




4.58 


63 


ajft2-7 






: 




4.63 


66 








somum : 




4.43 


64 


B?fe2-9 






sommm : 


SOSBgP 


4.35 


62 


S?ft2-10 






sosagB : 


50SBS& 


4.56 


55 










:ommm 


5.01 


85 


tttta?t!i2-2 






ommm : ioosbsp 


4.14 


45 


it«B?fe2-3 








lOBftOi 


5.02 


76 



l^UmiES] [0 13 4] ^(D^tib^h. li#&tL--C«. ^^M#&-e 



